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RESULTSOBTAINEDDURING EXTENSIONOF U. S. AIR FORCE

TRANSONIC-FLIGHTTESTS OF X3-1 AIRPLANE

By Harold R. Goodman and HubertM. DreJse

Limited data coveringextensionof the U. S. Air Force transonic-
flight tests of the XS-1 airplaneare presented. These data show that
successfulflight to a Mach number of 1.35 has been achievedat
altitudesabove @,000 feet. Longitudinaltrim changeswere experienced
to the highestMach numbersattained,with the wheel forces remaining
small and the pilot able to”controlthe airplanewith ease. The
airplanebecomes right-wingheavy above a Mach number of 0.8 but can
be trimmedwith the aileron. No aileronlnzzzor flutterphenomena
have been encountered. Buffetinghas been light,when encounteredin
the range of Mach number and lift coefficient

INTRODUCTION

coveredby these data.

As part of an acceleratedtransonic-flightresearchprogram, the
XS-1 airplanewith an 8-percent-thickwing and a 6-percent-thick
horizontaltail has been utilizedby the U. S. Alr Force, Wright
Field Flight Test Division,to attain flight at speeds greater than
the speed of sound. The intentis not to make detailedtivestigations,
but to make as large a Mach nuniberincreasein successiveflights as
is consistentwith safety. In this cooperativeprogram between the
Wright Field Flight Test Divieionand the MICA, the flying is done
by a Flight Test Divisionpilot, and the data reductionand analysis
are made from NACA instrumentsby NACA personnel.

Previous reports (see references1 and 2) have coveredmore
intensivelythe flight tests of the X3-l airplanefrom a Mach nu.niber
of 0.71 to a Mach number of 1.15. This report presents limiteddata
on the extensionof Air Force flights of the XS-1 airplaneto a Mach
number of 1.35 at an altitudeof 49,000 feet.

SECMI’



I

2

M“

M’

M

q“

!l’

q

n

w

c “na

c’11.a

clla

‘t

NAC!ARM NO. L8128SKxE!I’

S-YMBOIS

Mach nuniberuncorrectedfor positionerror

Mach number correctedfor error in measurementof static
pressurebut uncorrectedfor the theoreticalloss in
total head behind a detachedbow wave

Mach number correctedfor error in measurementof static
pressureand for the theoreticalloss in total head
behind a detachedbow wave

dynamicpressure,pounds per square foot @11M,r2~

-c pressure,pounds per square foot @plMt2)

(P)
dynamicpressure,pounds per square foot 2 2

nomal acceleration,gravitationalunits

airplaneweight*

airplanenormal-force

airp~e normal-force

airphe normal-fome

stabilizerincidence,

coefficient (nW/q”S)

coefficient (nW/q‘S)

coefficient (nW/qS)

degrees

elevatorposition,degrees

stabilizerposition,degrees

elevatorwheel force, pounds

aileronposition,degrees
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Subject

Mach Number lJffects- CompleteWings
Airpl.mes - SpecificTypes
Stability,Longitudinal- Static
Flying Quallties

Nuniber

1.2.2.6
1.7.1.2

1.8.1.1.1
1.8.5

ABSTRACT

Contatis limiteddata on flightsto a Mach nuniberof 1.35 at
altitudesabove 40,000feet on the XS-1 airplane with 8-percent-thick
wing. Data are presentedshowinglongitudinaland lateraltrim
chsngesand an airspeedcalibration.
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H“ press- altitude,uncorrectedfor position error, feet

H pressurealtitude,correctedfor error in measurementof
staticpressure,feet

AIRPLANEDESCRIPTION

The X3-1 airplaneutilized in the U. S. Air Force transonic-flight
tests incorporatessn 8-percent-thickwing and a 6-percent-thick
horizontaltail. The power plant is a
C-4 rocket engine,using dilutedethyl
oxygen as oxidizer. The dimensionsof
figure 1.

Flight conditionsof the airplane

Launching:

Re=tion Mot&s, Inc. model 6000
alcoholas fuel and liquid
the airplsneare shown in

are as follows:

Weight, pounds. . . . . . . . . . . . . . . . . . . . . . . 12,365
Center-of-gravityposition,percentM.A.C. . . . . . . .

End of powered flight:
Weight, pounds. . . . . . . . . . . . . . . . . . . . .
Center-of-gravityposition,percentM.A.C. . . . . . . .

tiding:
Weight, pounds. . . . . . . . . . . . . . . . . . . . .
“Center-of-gravityposition,percentM.A.C!.. . . . . . .

Fuel consumptionper rocket,pounds per secondper cylinder

Rated rocket thrust,pounds per cylinder . . . . . . . . .

. .

. .

. .

. .

. .

. .

. .
,

22.1

7800
19.6

7115
25.3

7.87

1500

Values of weight snd, therefo~, center-of-gravitylocationare
difficultto ascertainpreciselybecause of the rapid rate of propellant
consumption. The values given in thi~ report are accurateto ~0.2 per-
cent mean aerodynamicchord.

INSTRUMENTATION

Measurementsof airspeed,altitude,normal acceleration,elevator
position,shear and bendingmoment on the right horizontaltail, and
bending moment on the right wing are recorded titernallyon standard
NACA instruments. In addition,measurementsof right-aileronposition,
stabilizerposition,elevatorwheel force, altitude,airspeed,and
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normal accelerationare telemeteredto a ground receivingstation aud
recordedon a Consolidatedoscilkgraph. h cases of duplicationof
data, the data obtainedfrom the internalinstrumentsare presented
in the results. Reference1 presents a comparisonof the telemetered
and recordedresults.

TEST KESULTS AND DISCUSSION

A calibrationof the airspeedinstallationwas made, utiliztigthe
radar trackingmethod describedin reference3. The calibrationis
shown in figure 2.

A time histo~ of a cllmb to 41,000 feet, and a speed run at this
altitude,is presentedin figure 3. A pull-up was made at the end of
this run at an uncorrectedMach rnniberof 1.o8. The variationof wheel
force and elevatordeflectionare considerablylarger than those
encounteredin making similarmaneuversat lowerMach numbers as
reported in reference4. Very light buffeti~ was encounteredin the
-e of nO-1-fOI’Ce coefficientsand Mach numbers covered. The
irregularitiesin the measuredvalues indicatedin the time period
of 214 to 218 secondsare probablydue to actuationof the stabilizer.
No data of the stabilizerpositionwere obtainedduring this period,
but recordedvalues of stabilizerpositionprecedingthe times shown
and at times after 225 secondsshow that the stabilizerhad been
moved from 0.5° to 2.0° incidence.

Figure 4 shows a time history of measured quantitiesduring a
cltib to 52,000 feet end a shallow dive to 49,000 feet. A ptil-Up
was startedat an uncorrectedMach number of 1.25 and completedat
an uncorrectedMach number of 1.12. The stick-forcegradientwas
about the same as ih figure 3. The pilot stated that the ailerons
remainedeffectiveto the maxinmm Mach number attained. Very mild
buffetingwas encounteredin the range of normal-forcecoefficients
and Mach numbers covered in these data.

Figure ~ shows the variationof severalmeasured quantitieswith
correctedMach nuniberat constantlift coefficientsof 0.24 and O.kO.
In general,the variationsof elevatorposition ~d elevatorforce
are sitilarto those reported in references1 ~d 2. These data
cover a Mach number range throughwhich the airplanewas not in
stabilizedflight at any one Mach number. The data, therefore,do
not present the actual veriationof airplanetrim positionwithin
the presentedMach,numberrange. A qualitativeanalysiscan be
made, and there appearsto be a change in trim in the nose-up direction
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Mach numbers of 0.91 and
to be a slightnose-down

the maximum Mach nuuiberattained.

SECKET 5

1.2. At higherMach numbers,there
change in trim which continuesto
The pilot changedthe stabilizer

positionduring the flight to minimize~he effect;of the changes
of trim.

Figure 6 shows the variationof right,aileronangle with Mach
nwiber as comparedwith similar data from reference2. Because the
airplane is not instrumentedto measure rollingvelocity,the data may
includepoints at which the airplanewas rolling or at which the
airphne was laterallyout of trim which may accountfor the scatter.
There is, however,a definiteindicationof airplaneright-wtig
heaviness. No aileronbuzz or other flutterphenomenahave been
encounteredh the Mach nu?riberrange covered.

CONCLUSIONS

The limiteddata obtainedin the extensionof
to a Mach nurriberof 1.35 at altitudeSabove

1. Satisfactoryextensionof flight of
Mach number of 1.35 has been achieved.

2. Longitudinaltrim changeshave been

40,000
transonicflight
feet indicate:

the XS-1 airplaneto a

experiencedup to the
highestMach number attained,~ut wheel forces-havebeen &all.
The pilot was able to controlthe airplanewith ease.

3. The airplanebecomes right-wingheavy above a Mach number
of 0.8 but can be trimed with the ailerons.

SEK.!KET
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4. Buffetinghas been light,when encounteredin the range of
Mach number and lift coefficientcoveredby these data.

5. No aileronbuzz or flutterphenomenahave been encountered.
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Figure l.- Three-viewdrawing. XS-1 airplane.
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Figure 3.- Time history of measured quantitiesduring speed run.
Flight 15. Air-forcetests. XS-1 airplane. 8-Percentwing.
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Figure 4.- Time history of measured quantitiesduring speed run.
Flight 16. Air-forcetests. XS-1 airplane. 8-Percentwing.
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Figure 5.- Variationof measured qyanti&ieswith Mach number.
Flight 16. Air-forceteats. XS-1 airplane. 8-percentwing.
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